
THE ROLE OF SYMBIOTIC MICROORGANISMS IN REVEGETATION 
OF DISTURBED AREAS - REDWOOD NATIONAL PARK 

Neil  G .  Sug ih i ra  and Kermit Cromack, ~ r .  l 

Abs t rac t .  Symbiotic microorganisms p l a y  an important  r o l e  i n  
i n i t i a l  r e v e g e t a t i o n  of d i s tu rbed  a r e a s .  Nitrogen f i x a t i o n  and 
mycorrhizal  a s s o c i a t i o n s  improve t h e  a b i l i t y  of p l a n t s  t o  grow i n .  
and e n r i c h  n u t r i e n t  poor s o i l s .  Establishment of  t h e s e  r e l a t i o n -  
s h i p s  on n u r s e r y  s tock p r i o r  t o  ou tp lan t ing  improves o u t p l a n t i n g  . . 
s u r v i v a l .  Implemeritation of l a r g e  s c a l e  ~ n o c u l a t i o n  r e s u l t e d  i n  
inc reased  s u r v i v a l  and i n i t i a l  growth r a t e s .  In  a  f o r e s t  nurse ry  
Thele hora  t e r r e s t r i s  survived s t e r i l i z a t i o n  p rocesses  f o r  s y t r o -  h provided inoculum f o r  t h e  following y e a r s  crop of 
Douglas f i r .  Preliminary i n o c u l a t i o n s  of  redwoods with Glomus 
f a s i c u l a t u s  has  achieved some mycorrhizal formation.  

INTRODUCTION 

The r o l e  of  s o i l  microorganisms i n  t h e  ecosystem has  long been poor ly  
derstood when compared with t h e  knowledge of macroscopic organisms. However, 
th increased e f f o r t s  t o  e s t a b l i s h  vegeta t ion on d i s t u r b e d  s i t e s ,  t h e  v i t a l  
ture  of t h e  r o l e s o f t h e s e  groups i s  gaining g r e a t e r  r ecogn i t ion .  Symbiotic 
i l  microorganisms inc rease  t h e  a v a i l a b i l i t y ,  accumulation and c y c l i n g  
f i c i ency  o f  many e s s e n t i a l  p l a n t  n u t r i e n t s .  These microorganisms improve 
e a b i l i t y  of  p l a n t s  t o  grow on n u t r i e n t  d e f i c i e n t  s o i l s ,  and a r e  e s s e n t i a l  
the success  of  many higher  p l a n t  s p e c i e s  i n  t h e i r  n a t u r a l  h a b i t a t s .  

S o i l  e ros ion  and n u t r i e n t  l o s s  caused by d i s t u r b a n c e s  t o  mature f o r e s t  
)systems can be  reduced by t h e  rap id  revege ta t ion  of  d i s tu rbed  s i t e s .  
tablishment o f  vege ta t ion  on r e c e n t l y  d i s tu rbed  b a r e  s o i l  is  o f t e n  compli- 
ted by ha r sh  s i t e  cond i t ions  and lack of p l a n t  a v a i l a b l e  n u t r i e n t s .  Nitrogen 
cing p l a n t  s p e c i e s  a r e  o f t en  important components of  e a r l y  success ion 
:reasing t h e  a b s o l u t e  amounts and a v a i l a b i l i t y  of s o i l  n i t rogen  and s o i l  
:anic m a t t e r  con ten t  (Tarrant  & Mil le r  1963, Youngberg t; Wollum 1968) . 
%on t o  n i t r o g e n  r a t i o s  of above and below ground l i t t e r  components a r e  
crowed by n i t r o g e n  f i x i n g  s p e c i e s  (Cromack & McNabb 1979) .  
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The below ground component of f o r e s t  ecosystems i s  an important  cu r ren t  
a r e a  of  r e sea rch  i n  n u t r i e n t  cyc l ing  and decomposition. I n  many f o r e s t s ,  most 
energy u t i l i z a t i o n  and n i t rogen  t ransformat ions  of  carbon components occur 
below gramd (Har r i s  e t  a l .  1980; Fogel 1980). Th i s  is  t r u e  throughout 
secondary success ion.  Above ground p a t t e r n s  of  changes i n  s p e c i e s  composition 
and v e g e t a t i v e  s t r u c t u r e  with f o r e s t  success ion a r e  accompanied by major 
q u a l i t a t i v e  changes below ground. One s t a g e  of  success ion i s  . a f fec ted  by 

I 
I p r i o r  s t a g e s  t h a t  occur  below ground. Symbiotic s o i l  microorganisms p l a y  a 

key r o l e  i n  t h e  formation of t h e s e  below ground ecosystems.  

Two types  of organisms f i x  atmospheric n i t r o g e n  t o  a p l a n t  a v a i l a b l e  form' 
i n  a s s o c i a t i o n  with v a s c u l a r  p l a n t  r o o t s .  B a c t e r i a  of t h e  genus Rhizobi~un 
form nodules i n  r e l a t i o n s h i p s  wi th  legumes. A group of  woody shrubs  and t r e e s  ' 

form root  nodules with Actinomycetes. One such a s s o c i a t e  i s  r e d  a l d e r ,  
annual ly  f i x i n g  a s  much a s  320 kilograms pe r  h e c t a r e  i n  t h e  c o a s t  r ages  of  
Oregon (Newton e t  a l .  1968).  These r e l a t i o n s h i p s  provide  l a r g e  q u a n t i t i e s  of 
n i t rogen  t h e  n u t r i e n t  most commonly l i m i t i n g  i n  d i s t u r b e d  f o r e s t  s o i l s .  

Mycorrhizal r e l a t i o n s h i p s  of two b a s i c  t y p e s  occur on most s p e c i e s  of 
vascu la r  p l a n t s .  Ectomycorrhizae form between f u n g i  and t h e  r o o t s  o f  most 
c o n i f e r s  and broad-leafed t r e e s  as wel l  a s  many woody sh rubs .  Endomycorrhizae 
a r e  r e l a t i o n s h i p s  between fungi and most herbaceous p l a n t s ,  some c o n i f e r s  and 
woody broad-leafed p l a n t s .  Both assoc ia t ions  a i d  t h e  v a s c u l a r  p l a n t  symbiont 
by inc reas ing  e f f e c t i v e  su r face  a r e a  f o r  absorp t ion ,  i n c r e a s i n g  a b i l i t y  t o  
t a k e  up P, N,  and c a t i o n s  (Melin e t  a l .  1950, 1952, 1958).  Resis tance  t o  
some s e r i o u s  d i s e a s e s  i s  increased by t h e  product ion of  a n t i b i o t i c s  (Marx 
and Davey 1968). Fungi obta in  h a b i t a t  and carbohydrates  from t h e i r  photo- 
s y n t h e t i c  symbionts (Melin and Nilsson 1957).  The s p e c i f i c  c h a r a c t e r i s t i c s  
of mycorrhizal a s s o c i a t i o n s  vary  with t h e  s p e c i e s  forming them. 

In Redwood National  Park (Table A) and t h e  western s t a t e s  (Klemrnedson 
1979, Rose 1980),  many important woody p l a n t s  invading f r e s h l y  d i s t u r b e d  s i t e s  
a r e  n i t rogen  f i x i n g  a s  wel l  a s  mycorrhizal .  Nitrogen f i x a t i o n  enables  r a p i d  
growth due t o  inc reased  n i t rogen  a v a i l a b i l i t y .  Mycorrhizae inc rease  t h e  
uptake of  o t h e r  n u t r i e n t s ,  reducing t h e i r  tendency t o  become l i m i t i n g  with 
increased growth due t o  n i t rogen a v a i l a b i l i t y .  P l a n t s  forming both t h e s e  
r e l a t i o n s h i p s  can t h r i v e  i n  cond i t ions  of  low s o i l  n u t r i e n t  l e v e l s .  With 
a t tempts  t o  r e e s t a b l i s h  vege ta t ion  on d i s tu rbed  s i t e s ,  t h e  importance and 
p o t e n t i a l  b e n e f i t s  of t h e s e  r e l a t i o n s h i p s  a r e  bei.ng recognized.  U t i l i z a t i o n  
of t h e s e  organisms ho lds  g r e a t  p o t e n t i a l  and i s  an i n t e g r a l  p a r t  of any 
complete n a t u r a l  v e g e t a t i o n  system r e s t o r a t  i o n .  

The Redwood Nat ional  Park watershed r e h a b i l i t a t i o n  program inc ludes  
revege ta t ion  of a r e a s  immediately fo l lowing heavy equipment work. These 
s i t e s  con ta in  t h e  most h ighly  d i s t u r b e d  v e g e t a t i o n  systems i n  t h e  Redwood 
Creek b a s i n .  S o i l s  c o n s i s t  l a r g e l y  of loose ,  subsoi.1 f i l l  o r  r ipped road 
su r faces ,  o f t e n  d e f i c i e n t  i n  p l a n t  a v a i l a b l e  n u t r i e n t s .  Decomposition o f  
mulches a p p l i e d  t o  minimize su r face  erosion i n i t i a l l y  reduces  p l a n t  a v a i l a b l e  
n i t rogen .  Recently excavated s o i l s  a r e  t y p i c a l l y  d e f i c i e n t  i n  mic rob ia l  f l o r a ,  
reducing p o t e n t i a l  f o r  r ap id  formation of mycorrhizal  and n i t rogen  f i x i n g  
r e l a t i o n s h i p s  (Wilson 1965). Proper es tabl ishment  of mic ro f lo ra  on p l a n t i n g  
Stock can have s i g n i f i c a n t  impact on t h e  success  of t h i s  o r  any l a r g e  s c a l e  
r e v e g e t a t i o n  e f f o r t .  
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TABLE A. SYMBIOTIC ASSOCIATIONS OF PLANT SPEGIES. USED I N  THE 
4 

if.. REDWOOD NATIONAL PARK REVEGETATION PROGRAM 
i, 

Species  

Nitrogen Fixing Mycorrhizal 

actinomycete Rhizobium ec to -  endo- 
2 

Acer macrophyllum . . . . . . . . . . - 
finus oregana . . . . . . . . . . . - 
h b w t u  s menz ies i i  . . . . . . . . . - 
~ a c c h a r i s  p i l u l a r i s  v a r .  consanguinea - 
barex spp. . . . . . . . . . . . . . - 
Ceanot bus t h r y s i  f l o r u s  . . . . . . . 
Corylus cornuta  v a r . c a l i f o r n i c a  . . . 
Gaultheria shallon . . . . . . . . . 
&asses . . . . . . . . . . . . . . . 
k 
Juncus spp. . . . . . . . . . . . . . 
Legumes . . . . . . . . . . . . . . . 
Lithocarpus d e n s i f l o r a  . . . . . . . 
Jseudotsuga menz ies i i  . . . . . . . . 
thododendron macrophyllum . . . . . . 
tubus p a r v i f  l o r u s  . . . . . . . . . . - 
tubus s p e c t a b i l i s  . . . . . . . . . . - 
tubus v i t i f o l i u s  . . . . . . . . . . - 
M i x  spp. . . . . . . . . . . . . . - 
;ambucus c a l l i c a r p a  . . . . . . . . . - 
iequoia sempervirens . . . . . . . . 
'actinium ovatum . . . . . . . . . . 
$ipplea  modesta . . . . . . . . . . 

' ~ a t a  obta ined from m a t e r i a l  c o l l e c t e d  i n  Redwood Nat ional  Park. 

h * ~ o l i n a ,  1980. 

3 ~ o s e ,  1980. 

& 4 ~ a r g e n t ,  -- e t  a l . ,  1980. 
2" 
. ' ~ r a p p e ,  1962. 



To determine t h e  s t a t u s  of commercially a v a i l a b l e  p l a n t i n g  s tock ,  a  survey 
of symbiotic r e l a t i o n s h i p s  was conducted (Table B). Roots of  s e e d l i n g s  were 
s t a i n e d  with t rypan b lue  and examined f o r  endomycorrhizae. Other r o o t l e t s  were 
sec t ioned  and examined f o r  t h e  Har t ig  n e t  and mantle which a r e  d i a g n o s t i c  of 
ectomycorrhizae. Root systems of p l a n t  s p e c i e s  known t o  form a s s o c i a t i o n s  wi th  
n i t r o g e n  f i x i n g  organisms were examined v i s u a l l y  f o r  evidence of  r o o t  nodules .  

TABLE B.  SYMBIOTIC RELATIONSHIPS PRESENT ON NURSERY 
STOCKS USED BY REDWOOD NATIONAL PARK 

Percent  
P lan t  Spec ies  & T e  Associa t ions  I n f e c t i o n  Symbiont 

Redwood 2 .0  BR* endomycorrhizal 100% u n i d e n t i f i e d  

Redwood 1 .0  SB** none 0 % -- - 
Redwood 1 . 0  PT*** none 0 % - - - 
Douglas -f ir 2 .0  BR ectomycorrhizal  99% Laccar ia  lacata and 

Telephora t e r r e s t r i s  

Douglas-fir  1.0 SB ectomycorrhizal  95 % - T. t e r r e s t r i s  

Douglas-f i r  1 .0  PT none 0 % --- 
Red a l d e r  1 . 0  PT none 0  % - -- 

* BR: Bare Root Seedl ings;  outdoor  f i e l d  grown. 
* * SB: Conta iner ized seedl ings  i n  s ty rob locks ;  greenhouse grown. 

*** PT: Conta iner ized seed l ings  grown i n  p l a s t i c  t u b e s ;  greenhouse grown. 

MYCORRHIZAL ASSOCIATIONS 

V i r t u a l l y  a l l  o f  t h e  b a r e  r o o t  s e e d l i n g s  had formed e x t e n s i v e  mycorrhizal  
a s s o c i a t i o n s .  L .  l a c a t a  and T. t e r r e s t r i s  were p r e s e n t  i n  l a r g e  q u a n t i t i e s  i n  - - 
a s s o c i a t i o n  witK Douglas-fir .  Both of t h e s e  s p e c i e s  a r e  common t o  n u r s e r y  beds. i 

Redwood s e e d l i n g s  i n  nursery  beds were h e a v i l y  i n f e c t e d  with e n d ~ m ~ c o r r h i z a l  
fungi .  The i d e n t i f i c a t i o n  of t h e s e  f u n g i  i s  pending s p o r e  product ion.  A l l  ba re  
r o o t  s e e d l i n g s  were grown outdoors i n  plowed, fumigated f i e l d s .  

Douglas-f i r  s e e d l i n g s  grown i n  styrofoam b locks  ( s ty rob locks )  were t h e  only 
con ta ine r i zed  s e e d l i n g s  found t o  be  forming any mycorrhizal  a s s o c i a t i o n s .  
Seed l ings  grown i n  p l a s t i c  tubes under very  s i m i l a r  cond i t ions  were devoid of 
ectomycorrhizae.  T. t e r r e s t r i s  was t h e  funga l  symbiont o f  a l l  95 p e r c e n t  of 
t h e  Douglas-f i r  found t o  be ec tomycorrhizal .  A l l  c o n t a i n e r i z e d  s e e d l i n g s  were 



Control led greenhouse s t u d i e s  inves t iga ted  t h e  a b i l i t y  o f  T. t e r r e s t r i s  
su rv ive  i n  and around s tyroblocks .  Douglas-fir  seed l ings  were grown i n  new 
used blocks  placed d i r e c t l y  on t h e  su r face  of a wooden-table. - c o n t a i n e r s  

:re i s o l a t e d  from each o t h e r  t o  prevent spread of i n f e c t i o n .  An average of 
. 3  percent  of t h e  seed l ings  were ectomycorrhizal i n  new blocks while 82.8 
:=cent of t h e  seed l ings  i n  recycled s tyroblocks  formed mycorrhizae wi th  T. 
: r r e s t r i s .  The l a r g e  d i f f e r e n c e  i n  t h e  r a t e  of i n f e c t i o n  sugges t s  t h a t  The 
,urce of inoculum i s  r e l a t e d  t o  t h e  recyc l ing  of t h e  c o n t a i n e r s .  This was 
,t unexpected due t o  t h e  presence of abundant T .  t e r r e s t r i s  mycelia and 
v i t i n g  bodies  on t h e  s u r f a c e  of t h e  con ta ine rs .  To f u n c t i o n  a s  a source 

inoculum, fungal  hyphae would be required t o  ' su rv ive  t h e  washes o f  water 
d d i l u t e  b leach s o l u t i o n s  intended t o  s t e r i l i z e  t h e  blocks .  

To determine t h e  a b i l i t y  o f  the  T. t e r r e s t r i s  t o  spread between s t y r o -  
ocks another  groups of seed l ings  was grown. New and recycled blocks  were - - 
aced ad jacen t  t o  each o t h e r  in-an a l t e r n a t e  p a t t e r n  on t h e  t a b l e .  Another 
t of new blocks  were placed adjacent  t o  t h e  p rev ious ly  used ones b u t  
evated t o  prevent  d i r e c t  con tac t  with t h e  t a b l e .  Rate of i n f e c t i o n  i n  new 
yroblocks placed adjacent  t o  recycled was g r e a t l y  inc reased  over  t h e  r a t e  

i s o l a t i o n .  Elevated con ta iners  had t h e  lowest  i n f e c t i o n  r a t e  of any 
eatment (3 .4%).  Observation of t h e  underside of t h e  c o n t a i n e r s  revea led  
c e l i a  growing o u t  o f  t h e  bottoms of con ta ine rs ,  spreading t o  o t h e r  chambers 
d ad jacen t  blocks i n  t h e  space between t h e  con ta ine rs  and t h e  t a b l e .  In 
is manner t h e  mycelium spread rap id ly  through t h e  nurse ry  and provided 
~cu lum f o r  t h e  following year .  

iomycorrhi zae 

Coast Redwood, un l ike  most conifers ,  forms endomycorrhizae and no t  
:omycorrhizae. Avai lable  f i e l d  grown bare  r o o t  seed l ings  had uniformly 
ivy i n f e c t i o n s .  Container ized seedl ings  grown i n  greenhouses o r  under 
~ d e  frames were a l l  s t e r i l e  (Table B ) .  

L i t t l e  informat ion is  a v a i l a b l e  on t h e  endomycorrhizae formed by redwood. 
x u l a t i o n s  performed on one year  o ld  redwood seed l ings ,  with Glomus 
i i cu la tus ,  produced some i n f e c t i o n s  but no growth response.  Endomycorrhizae 
med d i sp layed  good v e s i c l e s  and arbuscles  but d i d  n o t  become widespread on 
: root  systems. This  s tudy i s  being conducted under greenhouse cond i t ions  
ng con ta iner ized  redwood s tock .  

NITROGEN FIXING ASSOCIATIONS 

zobium Nodulated 

Legumes a r e  commonly u t i l i z e d  f o r  t h e i r  a b i l i t y  t o  f i x  n i t r o g e n .  Comrner- 
1 inoculum i s  a v a i l a b l e  f o r  many species .  Legumes were inocu la ted  and 
ded on rock s u b s o i l s  producingdense s tands  without f e r t i l i z a t i o n .  The 
l i t y  t o  grow r a p i d l y  and add ni t rogen and organic  m a t t e r  t o  t h e  s o i l  makes 
se  p l a n t s  valuable  i n  r e s t o r i n g  d i s tu rbed  a reas .  



Actinomycete Nodulated 

The revege ta t ion  program i n  Redwood National  Park emphasizes t h e  e s t a b l i s h -  
ment o f  success ional  p l a t s  a s  well  a s  p o t e n t i a l  canopy s p e c i e s .  On mois te r  
s l o p e s  red  a l d e r  is  t h e  most e f f e c t i v e  n a t i v e  woody p l a n t  c o l o n i z i n g  b a r e  s o i l ,  
r a p i d l y  forming dense s t a n d s  over  l a r g e  a r e a s  fo l lowing any ground d i s tu rbance .  
C. t h r y s i f l o r u s  is  adapted t o  co lon iza t ion  of s i t e s  fo l lowing  f i r e ,  forming - 
dense s t ands  following s l a s h  burning (Muldavin e t  a l . ,  1981). Due t h e  the i r  
a b i l i t y  t o  form a s s o c i a t i o n s  with n i t r o g e n  f i x i n g  actinomycetes t h e s e  s p e c i e s  
a r e  important i n  s o i l  r e s t o r a t i o n  and n u t r i e n t  enrichment. For t h i s  reason 
red  a l d e r  i s  being used a s  a  primary s p e c i e s  where t h e  r a p i d  es tabl ishment  
of vege ta t ion  on a  moist s lope  i s  requ i red .  

For s lope  s t a b i l i z a t i o n  it i s  important  t o  maximize i n i t i a l  s u r v i v a l  and 
growth r a t e s .  Large s c a l e  r ed  a l d e r  p l a n t i n g s  warranted i n v e s t i g a t i o n  o f  t h e  
e f f e c t s  of  n i t rogen  f i x i n g  actinomycetes on su rv ivp l  and i n i t i a l  growth a f t e r  
ou tp lan t ing .  No evidence of nodule formation was found on t h e  s e e d l i n g s  
a v a i l a b l e  f o r  purchase. After  one season o f  growth unnoculated,  ou tp lan ted  
s e e d l i n g s  averaged 9 3  percent  increase  i n  t o p  h e i g h t .  A t e s t  o f  nodu la ted  
seed l ings  averaged 526 pe rcen t  i n c r e a s e .  I n i t i a l  he igh t  and s i t e  c o n d i t i o n s  
were similar f o r  the two snmrles. Following t h e  first growing season a f t e r  
outplant ing,  a l l  seed l ings  were nodulated.  S ize  advantage gained from the  
increased i n i t i a l  growth, enables  g r e a t e r  i n i t i a l  growth and v i g o r  t h e  fo l low- 
ing year .  

The 1980 revege ta t ion  program included t h e  development and implementation 
of inocu la t ion  procedures . fo r  actinomycetes on con ta ine r i zed  a l d e r  s e e d l i n g s .  
S t e r i l e  one year  o l d  s e e d l i n g s  were t r a n s p l a n t e d  i n t o  g l a s s  s ided  c o n t a i n e r s  
t o  observe r o o t  development and nodula t ion.  Half  o f  t h c  s e e d l i n g s  were 
inocu la ted  with an aqueous suspent ion of  ground nodules.  Dosage was 0.50 
grams of nodule p e r  con ta ine r .  Seedl ings  were grown under greenhouse con- 
d i t i o n s .  Root and shoot  growth were c a r e f u l l y  monitored. 

Twenty-eight days a f t e r  inocu la t ion ,  a l l  t r e a t e d  s e e d l i n g s  showed s i g n s  
of  nodula t ion whi le  t h e  c o n t r o l s  d i d  n o t .  Fourteen days l a t e r ,  leaves begun 
t o  r a p i d l y  increase t h e i r  s i z e  and darken i n  c o l o r .  A r a p i d  i n c r e a s e  i n  
growth r a t e  followed immediately. Control  p l a n t s  g r a d u l l y  become c h l o r o t i c ,  
l e a f  s i z e  decreased and no t o p  growth was observed. During t h e  f i r s t  grow- 
ing  season following inocu la t ion , \  c a l i p e r  and t o p  he igh t  were inc reased  by 
325 percent  and 1257 percent  r e s n e c t i v e l v .  over  the  c o n t r o l  o l a n t s .  

P r a c t i c a l  use of t h i s  technique f o r  l a r g e  s c a l e  i n o c u l a t i o n s  o f  n u r s e r v  
s tock  r e q u i r e s  more p r e c i s e  knowledge of t h e  minimum i n o c u l a t i o n  dosages 
requ i red  t o  achieve a  high r a t e  of nodu la t ion .  Seed l ings  were i n o c u l a t e d  a t  
r a t e s  ranging from 0,001 t o  0.250 grams nodule p e r  c o n t a i n e r  and grown under 
greenhouse condi t ions .  A t  0.080 grams p e r  c o n t a i n e r  and above, 100 p e r c e n t  
nodula t ion was achieved. Gradual r educ t ion  occurred form 0.003 t o  9  p e r c e n t  
a t  0.001 grams pe r  con ta ine r .  Inocula t ion a t  t h e  r a t e  o f  0.003 grams p e r  
con ta ine r  produced h igher  r a t e s  o f  nodula t ion when seed,  r a t h e r  than one 
month o l d  seed l ings ,  were inocu la ted .  

F i f t y  thousand con ta ine r i zed  r e d  a l d e r  seed l ings  were i n o c u l a t e d  one 
month a f t e r  seed was sewn f o r  t h e  1980 p l a n t i n g  season.  Inoculum was prepared 
by masceration of f i e l d  c o l l e c t e d  nodules  i n  a  b lender  a t  h igh  speed i n  
s t e r i l e  water.  The s o l u t i o n  was s t r a i n e d  and d i l u t e d  t o  a  c o n c e n t r a t i o n  of  
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pormant, random samples were removed and r o o t  systems examined f o r  t h e  presence 
bf nodules. The abundance and r e l a t i v e  s t a g e  of nodule development d isplayed 
by t h e  i n d i v i d u a l  seed l ings  was noted. Nodulation r a t e  va r ied  from 60-95 
percent i n  d i f f e r e n t  samples with no d i f f e r e n c e  observed between t h e  two 

of inocu la t ion .  This r a t e  of nodulat ion is  appreciably  reduced from 
the small  s c a l e  pre l iminary t e s t s .  This i s  a t t r i b u t e d  t o  reduced p r e c i s i o n  

A t  t h e  t ime o f  ou tp lan t ing  t h e  s i z e  and development of seed l ings  was 
improved. Nodulated seed l ings  averaged 20.3 percen t  inc rease  i n  t o p  h e i g h t  
znd 16 percen t  inc rease  i n  c a l i p e r  over t h e  unnodulated t r e e s .  The seed l ings  
,gith we l l  developed nodules had 32 percent  and 41.7 pe rcen t  i n c r e a s e s  
respectively,  o'ver t h e  unnodulated. The o v e r a l l  v igor  of seed l ings  was 
improved. 

An o u t p l a n t i n g  t e s t  p l o t  was es tab l i shed  t o  monitor t h e  e f f e c t s  of 
iodulation a f t e r  ou tp lan t ing .  Nodulated and unnodulated seed l ings  were 
~ l a n t e d  i n  a l t e r n a t e  rows. I n i t i a l  growth f o r  t h e  nodulated t r e e s  was rap id  
~ i t h  lush green f o l i a g e ,  l a r g e  leaves  and green stems. The uninocula ted 
jeedlings uniformly displayed slower growth much smal le r  c h l o r o t i c  l eaves  
md red stems. A f t e r  twelve weeks a l l  t r e e s  appeared heal thy,  dark green 
~ n d  r o b u s t l y  growing. S i x  months a f t e r  p lan t ing ,  top  he igh t s  were measured. 
\n average i n c r e a s e  o f  6 3 . 7  percent  was obta ined f o r  nodulated s e e d l i n g s  
lver unnodulated. The inocu la t ions  appeared t o  have reduced p l a n t i n g  shock 
tnd seed l ings  appeared,much more robust  with more and s t o u t e r  l a t e r a l  
)ranches. M o r t a l i t y  r a t e  was lower i n  t h e  nodulated sample and recovery 
lrom w i l d l i f e  browsing was much more rapid .  

DISCUSSION 

Establishment of vege ta t ion  on r e c e n t l y  d i s t u r b e d  b a r e  s o i l  i s  made 
i f f i c u l t  by t h e  l ack  of p l a n t  a v a i l a b l e  n u t r i e n t s .  Without n i t r o g e n  f i x i n g  
nd mycorrhizal symbionts, growth and s u r v i v a l  r a t e s  a r e  poor f o r  p l a n t e d  
eedlings,  even f o r  spec ies  wel l  adapted t o  p l a n t i n g  s i t e s .  The obvious 
ncrease i n  v i g o r ,  due t o  establishment of nodules on nurse ry  grown r e d  
lde r ,  shows h igh  p o t e n t i a l  i n  es tabl ishment  o f  t h e s e  r e l a t i o n s h i p s  on 
eedlings.  Rate of n i t rogen  f i x a t i o n  and growth response a r e  known t o  be 
ven higher ,  wi th  t h e  a d d i t i o n a l  presence of mycorrhizae. More e f f e c t i v e  use  
f n i t rogen  f i x i n g  spec ies  f o r  s lope s t a b i l i z a t i o n ,  and a s  a  n i t r o g e n  source  
3 r e f o r e s t a t i o n ,  can be achieved with es tabl ishment  of symbiotic r e l a t i o n -  
hips p r i o r  t o  ou tp lan t ing .  
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Estab l i sh ing  mycorrhizal  a ssoc ia t ions  on n u r s e r y  s e e d l i n g s  i n c r e a s e s  
su rv iva l ,  growth and r e s i s t a n c e  t o  pathogens. However, work wi th  T. t e r r e s t r i s  
exemplifies t h e  complex n a t u r e  of e s t a b l i s h i n g  mycorrhizae on nurse ry  s tock .  
Though abundant on nurse ry  s tock,  it i s  n o t  always e a s i l y  e s t a b l i s h e d  o r  
con t ro l l ed  i f  another  spec ies  is  determined more d e s i r a b l e .  The a b i l i t y  o f  
t h i s  fungus t o  produce a n t i b i o t i c s  is  well  documented, b u t  p l a n t i n g  t e s t s  
confirmed those  of Marx (1975) which obta ined no e f f e c t  on i n i t i a l  s u r v i v a l  
r a t e s .  Survival and vigor a t  another s tage may be influenced. To achieve 
maximum r e s u l t s ,  techniques must u t i l i z e  a wide range of mycorrhizal species.  
The information concerning growth and spread o f  T. t e r r e s t r i s  i n  nurse ry  
s i t u a t i o n s ,  w i l l  probably be most app l icab le  t o  t h e  es tabl ishment  of o t h e r  
spec ies .  

The u t i l i z a t i o n  of symbiotic s o i l  microorganisms i n  revege ta t ion  of 
d i s tu rbed  a r e a s  holds  g r e a t  promise. Na tura l ly  occur ing vege ta t ion  i s  
r e l i a n t  on microorganisms f o r  n u t r i e n t  a v a i l a b i l i t y  and r a p i d  growth. We 
must a l s o  r e l y  on t h e s e  r e l a t i o n s h i p s .  Without them, many invading s p e c i e s  
would not  approach t h e  success  they d i sp lay  i n  co lon iz ing  d i s t u r b e d  s i t e s .  
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